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Today’s presentation

o Groundwater Basics

o General groundwater quality in 

St. Croix County

o Factors affecting groundwater 

quality







Groundwater Movement

http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm


Aquifers: Our groundwater storage units

Water and contaminants can 

move quickly through cracks and 

fractures.  

Aquifers are geologic formations that store and transmit 

groundwater.  

The aquifer properties determine how quickly 

groundwater flows, how much water an aquifer can hold 

and how easily groundwater can become contaminated.  

Some aquifers may also contain naturally occurring 

elements that make water unsafe.    

Wisconsin’s geology is like a layered 

cake. Underneath all of Wisconsin lies 

the Crystalline bedrock which does 

not hold much water.  Think of this 

layer like the foundation of your 

house.  All groundwater sits on top of 

this foundation. Groundwater is stored 

in the various sandstone, dolomite 

and sand/gravel aquifers above the 

crystalline bedrock layer. The layers 

are arranged in the order which they 

formed, oldest on the bottom and 

youngest on top. 

Diagram courtesy of WGNHS
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Learn more about Wisconsin’s geologic past by clicking the aquifer names

Water moving through tiny spaces in 

between sand particles or sandstone 

moves slower and  allows for filtration 

of some contaminants.  
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storage units
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Groundwater

Groundwater 

Basics: Where 

does my water 

come from?

http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm
http://gissrv2.uwsp.edu/cnr/gwc/pw_web/
http://dnr.wi.gov/education/educatorresources/bhgw.pdf


St. Croix Bedrock Geology



How do we know where our groundwater 
comes from?

Watershed – the land area where water originates for 

lakes, rivers or streams.  Water flows from high energy to 

low energy.



Wisconsin has 3 major basins

Basins of Wisconsin

Lake Superior Basin

Mississippi River 

Basin

Lake Michigan

Basin

Sub-continental Divide



….regional watersheds can be further defined to show just 

how local groundwater quality really is.

http://pubs.usgs.gov/circ/circ1186/pdf/circ1186.pdf

http://pubs.usgs.gov/circ/circ1186/pdf/circ1186.pdf


Groundwater Movement in St. Croix County

https://wgnhs.uwex.edu/pubs/000282/

https://pubs.usgs.gov/sir/2009/5056/pdf/sir2009-5056.pdf

https://wgnhs.uwex.edu/pubs/000282/
https://pubs.usgs.gov/sir/2009/5056/pdf/sir2009-5056.pdf




Municipal Water Systems

https://pubs.usgs.gov/sir/2009/5056/pdf/sir2009-5056.pdf

https://pubs.usgs.gov/sir/2009/5056/pdf/sir2009-5056.pdf


water basics

“Universal Solvent” 

Naturally has “stuff” 
dissolved in it. 
 Impurities depend on rocks, 

minerals, land-use, plumbing, 
packaging, and other materials 
that water comes in contact 
with.

Can also treat water to 
take “stuff” out

p +

p -
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Private vs. Public Water Supplies

Public Water Supplies

• Regularly tested and 

regulated by drinking water 

standards.

Private Wells

• Not required to be 

regularly tested.

• Not required to take 

corrective action

• Owners must take special 

precautions to ensure safe 

drinking water.

http://www.wisconsinwatch.org/2013/05/22/20-years-after-fatal-outbreak-milwaukee-leads-on-water-testing/

http://www.wisconsinwatch.org/2013/05/22/20-years-after-fatal-outbreak-milwaukee-leads-on-water-testing/


Coliform bacteria
 Generally do not cause illness, but 

indicate a pathway for potentially harmful 
microorganisms to enter your water 
supply. 
 Harmful bacteria and viruses can cause 

gastrointestinal disease, cholera, hepatitis

 Well Code:  “Properly constructed well 
should be able to provide bacteria free 
water continuously without the need for 
treatment”

 Recommend using an alternative source 
of water until a test indicates your well is 
absent of coliform bacteria

 Sources:
 Live in soils and on vegetation

 Human and animal waste

 Sampling error

Greater 

than or 

equal 

to 1

Present = Unsafe

Absent = SafeZero

bacteria



If coliform bacteria was 

detected, we also checked 

for e.coli bacteria test

• Confirmation that bacteria 
originated from a human or 
animal fecal source.  

• E. coli are often present 
with harmful bacteria, 
viruses and parasites that 
can cause serious 
gastrointestinal illnesses.

• Any detectable level of 
E.coli means your water is 
unsafe to drink.



Some Common Pathways for Bacteria 

to Enter Your Water System

Photo: Sandy Heimke, WI DNR

Photo: Sandy Heimke, WI DNR

http://www.extension.org/sites/default/files/w/5/5c/Livestock_fountain.jpg


Photo: Sandy Heimke, WI DNR

Well 

Construction

Photos courtesy of: Matt Zoschke



Nitrate and Human Health
Infants and pregnant women
• Methemoglobinemia or “blue-baby syndrome”
• Possible correlation to central nervous system malformations

Adults
Possible correlations to:
• Non-Hodgkin’s lymphoma
• Various cancers (ex. gastric, bladder)
• Thyroid function
• Diabetes in children

*Many are statistical studies that provide correlation between nitrate and health problems
*Studies don’t always agree, but cannot say with certainty that nitrate poses no health risk.  

Nitrate often indicator of other possible contaminants 
(ex. other agricultural contaminants, septic effluent, etc.)

Wisconsin Groundwater Coordinating Council, 2015; Weyer, 1999

http://dnr.wi.gov/topic/groundwater/documents/GCC/GwQuality/Nitrate.PDF
https://www.leopold.iastate.edu/news/leopold-letter/1999/fall/should-we-worry-about-nitrate-our-water


Nitrate Nitrogen
• Greater than 10 mg/L   

Impacted at a level that exceeds 
state and federal limits for 
drinking water

• Between 1 and 10 mg/L  
Evidence of land-use impacts

• Less than 1 mg/L    
Natural or background levels in 
WI groundwater

0

10

1

• DO NOT give water to 
infants 

• DO NOT consume if you 
are a woman who is 
pregnant or trying to 
conceive 

• RECOMMEND everyone 
avoid long-term 
consumption

Nitrate in drinking water

Considered suitable 
for drinking water



Private Well 
Nitrate 
Concentrations



WI Well Water Viewer, 2015

Average Nitrate-Nitrogen 
Concentration by Township

http://www.uwsp.edu/cnr-ap/watershed/Pages/WellWaterViewer.aspx


nitrat

Masarik et al., 2005

http://www.uwsp.edu/cnr-ap/watershed/Documents/stcroix_gw.pdf


Masarik et al., 2005

http://www.uwsp.edu/cnr-ap/watershed/Documents/stcroix_gw.pdf


Masarik et al., 2005

http://www.uwsp.edu/cnr-ap/watershed/Documents/stcroix_gw.pdf




What can be done to reduce nitrate levels?

 Short term 
 Municipal Wells (GCC, 2015)

 47 systems have spent >$32 million as of 2012
 Water Treatment
 New wells
 Blending

 Private Wells (Lewandowski et. al. 2008) 

 New well (not guaranteed, deeper adds to expense) - $7,200
 Bottled water - $190/person/year
 Water treatment devices $800 + 100/yr

 Reverse osmosis
 Distillation
 Anion exchange

http://dnr.wi.gov/topic/groundwater/documents/GCC/GwQuality/Nitrate.PDF
http://www.jswconline.org/content/63/3/153.refs


Nitrogen is vital to 
agriculture

 Ancient civilizations farmed fertile 
flood plains

 Animal manures

 Crop rotations w/legumes

 Prairies and other organic rich soils

 Industrial fixation of N leads to 
commercial fertilizer and dramatic 
increase in N applications

 Manure management challenging

N, P, K

N
7

14.01
Nitrogen



Nitrogen Cycle
“Nitrogen is neither created nor 

destroyed”

http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf

http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf


Low

Nutrient Management and Nitrogen Recommendations

High

Nitrogen Fertilizer Added (lb/acre)

Picture Courtesy of: 

https://www.facebook.com/University-of-Minnesota-Nutrient-Managment-

Group-275963965756114/timeline/
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Alternative Field Crops Manual, 1989.  University of Minnesota and University of Wisconsin -Madison
Nutrient application guidelines for field, vegetable and fruit crops in Wisconsin. A2809. 2012. University of Wisconsin-Madison

Miscanthus and switchgrass recommendations: Anderson et al., 2013; McIsaac et al., 2010; Vogel et al., 2002; Arundale et al, 2014

Nitrogen fertilizer recommendations for 
common crops

* Legumes have symbiotic relationship with N fixing bacteria

http://learningstore.uwex.edu/assets/pdfs/A2809.pdf


http://www.bae.ncsu.edu/programs/
extension/evans/ag452-1.html

http://www.youtube.com/watch?v=iFCdAgeMGOA
http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html

Efficiency of plants at utilizing nitrogen –
the corn example

http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html
http://www.youtube.com/watch?v=iFCdAgeMGOA
http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html


Comparing Annual to Perennial 
Ecosystems

http://soils.usda.gov/sqi/management/files/RSQIS6.pdf

Mixed Native Perennial

http://www.soilandhealth.org/01aglibrary/010137veg.r
oots/010137ch2.html

Nitrogen fertilizer use 
efficiency for Midwestern 

corn systems 
37%

(Cassman et. al. 2002)

http://soils.usda.gov/sqi/management/files/RSQIS6.pdf
http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1356&context=agronomyfacpub


Effect of cropping systems on nitrate leaching loss 
in the Midwest

Cropping 

systems
N Inputs

Nitrate-N 

Leaching

Water 

Drainage
Data Source

kg N ha-1 yr-1 kg N ha-1 yr-1 mm yr-1

Annual

Corn-Corn 138 55 193 Randall et al., 1997 (1)

180 37 399 Masarik et al., 2014 (2)

151-221 17-32 63-187 Thomas et al., 2014 (3) 

202 63 590 Weed and Kanwar, 1996 (4) 

202 43 280 Randall and Iragavarapu, 1995 (5)

Corn-Soybean 136-0 51 226 Randall et al., 1997 (1)

168-0 34-46 ND McIsaac et al., 2010 (6) 

168-0 34 470 Weed and Kanwar, 1996 (4) 

171-0 10-35 ND Cambardella et al., 2015 (7)

Mixed C-S-O/A-A 171-0-57-0 8-18 ND Cambardella et al., 2015 (7)

Perennial

Alfalfa 0 2 104 Randall et al., 1997 (1)

CRP 0 1 160 Randall et al., 1997 (1)

Switchgrass 0 <1-4 ND McIsaac et al., 2010 (6)

112 2-11 52-156 Thomas et al., 2014 (3)

Miscanthus 0 2-7 ND McIsaac et al., 2010 (6)

112 <1-1 52-147 Thomas et al., 2014 (3)

Prairie 0 <1 122 Masarik, et al., 2014 (2)

Pasture 0 1-10 ND Cambardella et al., 2015 (7)

*16 -37X greater nitrate loss below continual corn cropping systems compared to perennial systems

https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=43853
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
https://dl.sciencesocieties.org/publications/jeq/abstracts/25/4/JEQ0250040709?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/24/2/JEQ0240020360?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
https://dl.sciencesocieties.org/publications/jeq/abstracts/25/4/JEQ0250040709?access=0&view=pdf
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=43853
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
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Coarse textured surficial deposits

Map created using: Groundwater Contamination Susceptibility Model (GCSM); Surficial Deposits ("sdppw95c")

The GCSM was developed by the DNR, the US Geological Survey (USGS), the Wisconsin Geological & Natural 

History Survey (WGNHS), and the University of Wisconsin – Madison in the mid-1980s. 



Shallow carbonate 
rock aquifers

Photo credits: Ken Bradbury, WGNHS



Other areas of karst potential

https://wgnhs.uwex.edu/water-environment/karst-sinkholes/

https://wgnhs.uwex.edu/water-environment/karst-sinkholes/
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Nitrogen in excess of economic optimal rates 
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Improved Nitrogen Use Efficiency through 
right form, right time and right place 

techniques?????



Long-term nitrogen reduction strategies
Practice Details % Nitrate-N

Reduction

Timing

Fall to Spring Pre-plant 6 (25)

Spring pre-plant/sidedress 40-60 split compared to fall 
applied

5 (28)

Sidedress – Soil test based compared to pre-plant 7 (37)

Nitrification Inhibitor Nitrapyrin – Fall – Compared to applied w/out nitrapyrin 9 (19)

Cover Crops
Rye 31 (29)

Oat 28 (2)

Perennial
Biofuel Crops (ex. switchgrass, miscanthus) 72 (23)

Conservation Reserve Program 85 (9)

Extended Rotations
At least 2 years of alfalfa or other perennial crops in a 4 
or 5 year rotation

42 (12)

Iowa Nutrient Reduction Strategy, 2014

Improve delivery and efficiency of nitrogen 

http://www.nutrientstrategy.iastate.edu/sites/default/files/documents/NRSfull-141001.pdf


Septic systems and nitrate

Robertson and Harman 1999

• Designed to dispose of human waste in a manner that prevents
bacteriological contamination of groundwater supplies.

• Do not effectively remove all contaminants from wastewater:  
Nitrate, chloride, viruses?, pharmaceuticals?, hormones?  



Comparing Land-use Impacts

Corn1

(per acre)
Prairie1

(per acre)
Septic 2 

System

Total Nitrogen Inputs (lb) 169 9 20-25

Nitrogen Leaching Loss (lb) 32 0.04 16-20

Amount N lost to leaching (%) 19 0.4 80-90

1 Data from Masarik, 2014
2 Data from Tri-State Water Quality Council, 2005 and EPA 625/R-00/008 



32 lbs 32 lbs 32 lbs 32 lbs

32 lbs 32 lbs 32 lbs 32 lbs

32 lbs 32 lbs 32 lbs 32 lbs

32 lbs 32 lbs 32 lbs 32 lbs

32 lbs 32 lbs 32 lbs 32 lbs

20 lbs

Comparing Land-use Impacts

32 lbs/ac x 20 acres = 640 lbs
14 mg/L

20 lbs/septic system x 1 septic systems = 20 lbs
1/32nd the impact on water quality

0.44 mg/L

2
0
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2
0
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Assuming 10 inches of recharge
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32 lbs/ac x 20 acres = 640 lbs

20 lbs/septic system



20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

20 lbs 20 lbs 20 lbs 20 lbs

Using these numbers:  32 septic systems on 20 acres (0.6 acre lots) needed to achieve 
same impact to water quality as 20 acres of corn 

Comparing Land-use Impacts

32 lbs/ac x 20 acres = 640 lbs 20 lbs/septic system x 32 septic systems = 640 lbs
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Watershed land use portfolio

Nitrate concentration in groundwater

Low High



Agricultural Lands of Wisconsin
Annual Row Crops

Forage Crops/
Pasture/
CRP

Maps produced using WISCLAND 
Data Coverage. 2002. WiDNR/EDM



Disclaimer: Contains data from water testing performed at the Water and Environmental 

Analysis Lab through from 1988 through 2016.  Does not represent all known wells.  Land 

cover from WiscLand 2.0 coverage.



Nitrate Trends by County

All TNC data, going back ~20 years All TNC and NTNC systems 

limited to previous 10 years of 

data.

http://dnr.wi.gov/topic/groundwater/GCC/gwquality.html

http://dnr.wi.gov/topic/groundwater/GCC/gwquality.html




http://www.wicci.wisc.edu/index.php


Contact Info:

Kevin Masarik
Center for Watershed Science and Education
800 Reserve St.
Stevens Point, WI 54481

715-346-4276

kmasarik@uwsp.edu
www.uwsp.edu/cnr/watersheds

HELP US TELL OUR STORY BY SHARING YOURS. Are we a resource to you or 

your community? Please visit UWCX.ORG to describe how



Reason for nitrate trends

 Shallow groundwater

 Change in land use

 Deeper groundwater/ 

rivers and streams

 Lag time between land 

use and groundwater http://www.youtube.com/watch?v=BKrN2HdvGp4

http://www.youtube.com/watch?v=BKrN2HdvGp4




Liquid contains greater percentage of plant available N (i.e. 

ammonia/ammonium), ammonium readily converted into 

nitrate in aerobic conditions and susceptible to leaching.  

http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf

Slide from presentation by Becky Larson, Manure Irrigation Workshop

http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/20528/em8954-e.pdf


Slide from presentation by Becky Larson, Manure Irrigation Workshop



What UWEX Nutrient Guidelines

Do and Don’t Do:
 Do save farmers money by ensuring 

nitrogen is used efficiently

 Do allow farms to maximize profitability 

while holding everyone accountable to some 

standard

 Do prevent fields from being treated as 

dumping grounds for manure and other bio-

solids   

 Do help prevent excessively high 

concentrations of nitrate in groundwater 

 Don’t prevent nitrate from leaching into 

groundwater

 Don’t ensure groundwater quality meets 

drinking water standards

 Don’t ensure that groundwater quality in 

areas that already apply at economic 

optimum rates will get better over time
Masarik, UW-Extension



Disclaimer: Contains data from water testing performed at the Water and Environmental 

Analysis Lab 

through from 1988 through 2016.  Does not represent all known wells.  Land cover from 

WiscLand 2.0 coverage.




